Summary: Currently, extracellular matrix MMP has been discussed in relation to the extrusion and spontaneous regression of the herniated mass observed in lumbar disc herniation. However, the question remains as to whether degenerated protein is really the cause of this condition's pathogenesis. We confirmed immunologically by means of electron microscopy that extrusion is caused by the AGEs (advanced glycation end products)-induced cross-linking of collagen, and that spontaneous regression is due to AGE receptors on macrophages. Further, AGEs were found to be already exposed during histogenesis, suggesting a relation to apoptosis. In lumbar disc herniation and aging, glucose-derived AGEs cross-link proteins and cause vascular tissue damage.
INTRODUCTION
Advanced glycosylation end products (AGEs) form spontaneously from glucose-derived Amadori products and accumulate on long-lived tissue proteins. We succeeded in achieving in vitro establishment of human herniated intervertebral disc-derived chondrocytes and prepared an in vitro extrusion hernia model (KTN-1). Using this model, we immunologically investigated tissue degeneration using an electron microscope. In this study we evaluated AGE in terms of the following features: 1) The acidic condition of the isolated of isolated cells; 2) The survival of cells in a serum-free condition, considering the poor vascularization in the intervertebral discs; 3) In routine clinical practice, some patients with intervertebral disc herniation showing or having previously shown a high blood glucose level similar to the state of cataract patients. Intervertebral disc hernia patients have been found to have high concentrations of AGEs in tissue. AGE have been shown to account for numerous biological responses [1] . In addition to forming protein-to-protein crosslinks which underlie connective tissue aging, AGEs are also recognised by AGE-specific receptors and promote cytokine [2] and growth factor [3, 4] release, as well as matrix protein synthesis [5] . Tissue-derived degradation products of AGE-modified proteins may be generated either by a specific macrophage AGE-receptor pathway or by extracellular proteolytic systems. Cells of the monocyte/macrophage lineage were the first found to display a surface receptor system mediating the binding and internalization of AGE-modified macromolecules. These receptors are structurally and functionally distinct from other known macrophage scavenger receptors [6, 7] . This study is significant for hernia therapy in the near future in the context of an approach from sugar (cause), not aging (result).
MATERIALS AND METHODS

Tissues
Herniated intervertebral discs were obtained dur- Figures 1 A and B from a 67-year-old herniated patient show a representative section that was stained for tissue AGEs. Positive staining was observed with control tissue that had been preabsorbed with AGEs (Fig. 2) , indicating that the anti-AGE staining was specific. AGEs in positively stained sections were localized primarily within the liver (Fig. 2B) , the smooth muscle cells (Fig. 2C ) and the skin (Fig. 2D) . As a control, human fetal (aborted) tissue obtained from 8W of the vertebral column was immunohistologically stained, as shown in Fig. 3 . Of three adjacent sections, the first was stained with hematoxylin and eosin (H & E: Figs 3A and B) , the second was used for immunohistochemistry (AGE: Fig. 3C ), (RAGEs: Figs 4A and B) . The second sections were Figs 5A and B) . The same tissue was also stained with apotac, and as shown in Fig. 6 , positive staining was obtained. This finding indicated that AGEs are related to apoptosis. Figure  7 shows AGE receptors expressed by macrophages. In herniated intervertebral disc patients complicated by diabetes, the expression of the RAGE gene was 1328bp (arrow) (Fig. 8a) , and the IRS-1 gene was 243bp (arrow) (Fig. 8b) .
DISCUSSION
In humans cell proliferation and death are ingeniously controlled to maintain homeostasis. Many cells are removed by cell death during embryogenesis. In a mature body, cells constituting organs maintain functions by constantly balancing proliferation and death. In organs, aged cells are removed by cell death and replaced by newly growing cells. This cell death has been previously scheduled, and is called programmed cell death. Programmed cell death is induced by physical and chemical factors. In this study, a relationship between programmed cell death and AGEs was suggested. During the early step of glycosylation, the reaction progresses in a manner dependent on saccharide concentration and reaction time. In the subsequent late step, an irreversible reaction occurs. In patients in whom the blood glucose level had been high in the past, the incidence remained high even though the blood glucose level is currently controlled, suggesting that AGEs affect a gene and that the effect is memorized. Our study may be significant in elucidating another pathological state of lumbar disc hernia. In summary, we have identified an inducible AGE as a novel mechanism for the cooperative interaction between tissue macrophages and lymphocytes during tissue homeostasis or repair. Under conditions of excessive AGE protein/lipid accumulation (in aging or chronic diabetes), this orderly system may be disturbed so that inappropriate lymphokine activity, in synergy with macrophage-derived cytokine activity, could lead to tissue injury. AGEs and insulin induce a wide variety of growth and metabolic responses and play important roles in the anabolic regulation of bone metabolism.
